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ABSIRACT:  A  new  syrjthetlc  method  has  been  devised  for  the 
preparation  of  nltroalcohol  acetals,  principally 
bls(trlnltroethyl)  fonsal.  III: 

H2SO4 

2(N02)3CCH20H  ♦  HCKO - ^  (N02)5CCH20CH20CH2C(N02)3 

I  II  Temp.  Ill  TEPO 


Ihe  compound.  III,  la  prepared  very  easily  by  the  re¬ 
action  of  2,2,2-trlnltroethanol,  I,  with  formaldehyde,  II, 
In  strong  sulfuric  acid  solution  at  room  temperature,, 

Ihe  crystalline  product  precipitates  from  solution  and  Is 
Isolated  In  83-90^  yields  in  less  than  an  hour.  A.ltema- 
tlvsly  good  yields  are  obtained  by  briefly  emulsifying  a 
solution  of  2,2,2-trlnltroethanol  monohydrate  In  a  chlori¬ 
nated  solvent  with  a  sulfuric  add  solution  of  foxmaldehyde 
at  room  temperature  and  Isolating  the  product  from  the 
solvent  phase. 
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1  KJay  1969 


This  report  describes  the  preparation  and  properties 
of  bl8(trlnltroetLyl)  formal,  TEPO,  a  member  a  family 
of  trlnltroethoxy  coipounds  of  unusual  oxygen  content  of 
interest  in  both  X'^opellant  and  high  explosive  formulations 
The  work,  in  part  a  ^.lortion  of  a  fundamental  investigation 
of  organic  reactions  in  sulfuric  acid^,  was  largely 
supported  by  Task  PR«44.  The  development  of  practical 
methods  of  making  TEF}  on  a  larger  than  laboratory  scale 
was  done  under  Task  >31-664/^+5006/08  (Explosives  Applied 
Research) . 

The  work  reported  here  is  the  basis  for  a  patent 
application,  and  le  fo^  information  only. 


MELL  A.  PETERSON 
Captain,  USN 
Commander 


^  f  /  >  j 

ALBERT  LIGHIBODZ-'  , 
By  direction 
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NITROALCOHOL  ACETAL  PREPARATION  IN 
SULFURIC  ACID,  I.  SYNTHESIS  OF  BIS 
(TRINITTiOETHYL)  FORMAL,  TEPO  (C) 

INTRODUCTION 

E^ersetlc  organic  compounds  having  very  oxygen  . 

cental  are  of  eonsldarable  intsrest  ai>  components  of  explosive 
rr'jctures.  Ihree  structurally  sljullar  compounds,  wrlnlt^- 
ethyl  orthocarbonate,  I,  bli(trlnltroethyl)  carbonate,  il, 
and  bls(trlnltroethyl)  formal,  HI,  are  unaaually  high 


[(  'CgjjCOHgO]  14O 

1  'HJEOC 


[n02)5CCH20]2C-0 
II  BINEC 


(N02)5CCH2C i 2^^2 
III  TEPO 


in  owgen  content.  About  62)<  of  the  laolocular  weight  of  the 

cSm^ids  conai.ts  of  oxygen  which  la  20-30»  In  _ 

tSt  required  for  their  own  combustion  to  carbon  dioxide  and 

water. 

As  a  group,  these  compounds  are  not  utsable  In  the  conven¬ 
tional  type  of  explosive  formulation  because  of  their 
ti^y  to^^et:  However,  recently  the  Maval  (fiance  Test 
Station  and  the  Haval  Ordnance  laboratory  have 
the  compounde  are  eoluble  In  polymera  J"'" 

vinvltetrazole  (1),  nitrocellulose,  and  polyn3.trou^than  (2), 
The^so^utlons  of  the  iilgh  oacygen  compounds  in  a  polymer  are 
soSewhat  lees  sensitive  than  the  pure  dry  explosive  and  con¬ 
stitute  a  new  approach  to  utilizing  these  very  high  energy 
compounds  In  explosive  and  solid  propellant  c ompo sit ions . 
•mese  are  being  considered  for  further  evaluation  on  a  larger 
than  laboratory  scale  (2) . 

Trlnltroethyl  orthocarbonate  and  blB(trlnitroethyl)  car¬ 
bonate  have  been  made  by  a  new  reaction  of 
with  carbon  tetrachloride  catalyzed  by  ferric  chlor-de  w)* 
Initiallys  bis (trlnltroethyl)  forfsal  was  o^^Ained  as  a  by¬ 
product  in  the  pre-pilot  plant  production  of  trl^troethyl 

orthocarbonate  and  in  very  small  T^■rw^ 

laboratory  in  the  course  of  the  study  of  the  reaction  pro- 
ducing  the  ox^thocarbonate  (5)»  Because  the  formal  a 
plasticizer  for  nltropolym^rs  and  dissolves  more  readily  in 
propellant  polymers  than  either  the  orthooarbonate  oi*  bis 


CONPIDENTIAL 


CONFIDENTIAL 
NAVORD  Report  6672 


carbonate,  larger  than  laboratory  reoearch  quantities  were 
desired  for  further  study.  Since  Its  synthesis  was  still 
unknown,  a  study  was  undertaken  to  prove  Its  structure  and 
In  addition  to  find  a  procediire  for  making  the  compound  by 
a  method  which  could  be  used  on  a  pilot  plant  scale. 

This  report  describes  a  rapid  high  yield  synthesis  of 
bls(trlnltroethyl)  formal,  TEPO,  by  a  new  process  which 
consists  simply  of  the  reaction  of  formaldehyde  with  trln^}'- 
troethanol  In  a  strong  sulfuric  acid  solution  at  room 
temperature o  The  procedure  Is  applicable  to  the  preparation 
of  other  formals,  such  as  blo(2,2-dliiltropropyl)  formal. 
Inforcwitlon  concerning  the  theoretical  aspects  of  this 
system  and  the  study  of  the  scope  and  mechanlea  of  the  re¬ 
action  will  follow  as  a  separate  report  (4). 


REiJULTS  AND  DISCUSSION 

Piroof  of  Structure.  Bls(trinltroethyl)  formal  was 
obtained  In  laj.'ge  quantities  as  a  by-product  In  the  pilot 
plant  production  of  trlnltroethyl  orthocarbonate  (5).  In 
addition  to  the  expected  orthocarbonate  s  mixture  of  unknown 
composition^  m.p.  55*-5S**C,  was  Isolated  from  the  reaction 
mother  liquors  and  sent  to  the  Naval  Oi-dnance  laboratory  for 
identification  of  Its  components.  Examination  of  the  crude 
raaterlsl  showed  that  it  waa  a  mlxtur-e  containing  bis  (trlnl¬ 
troethyl)  carbonate  end  an  unknown  compound. 

The  assignment  oji.  structure  of  the  unknown  compound  as 
being  the  blsTtrinltroethy} )  formal  was  based  on  physical 
evidence  and  was  made  tentative  awaiting  Ijidependent  syn¬ 
thesis.  The  elemental  analysis  indicated  emnlrical  formulas 
of  C3B9N9022«  FW  583,  coinTe spending  to  ( IHEO) 5C2H5O,  and 
C5H6N6O14,  Frf  374,  corresponding  to  (TNE0)gCK2  or  ble(trinl- 

troethyl)  formal.  Infrared  analysis  waa  Inconclusive  except 
to  show  that  no  OH  groups  were  present.  A  molecvlar  weight 
determination  by  the  unit  cell  voltme  method  gave  figure 
of  373  (6),  which  strongly  Indicated  that  the  formal  strue- 
tvu:*e  was  probable.  However,  without  independent  synthesis 
of  the  compound  the  assignment  of  structure  as  the  ;rlnltro- 
ethyl  formal  was  tenable  only  If  It  was  assumed  that  the 
trlnltroethoxy  group  remained  Intact  In  the  reaction  foming 
the  by-product. 
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Initially  It  wae  tnought  that  a  ferric  chloride 
catalyzed  reaction  of  trlnltroethaiiol  with  forma Idehy do 
impurity  In  the  trlnlti*oethyl  orthocarbonate  reaction  syc'^em 
accounted  for  the  forroatlon  of  bl5(fcrlnltroethyl )  formal. 
However  only  parVlal  euccess  waa  achieved  In  attempte  to 
prepare  the  forwil  by  the  catalyzed  reaction  of  fcrmaldeliyde 
with  trlnltroethanol  in  chlorinated  eolventa  (7).  Because 
trlnltroethanol  exhibited  extreme  unreactlvlty  expecially 
when  diluted  by  solvents  in  some  reaction  systems,  a  fusion 
system  was  used  to  p^’epare  the  formal  In  order  to  establish 
definitely  that  the  tentative  assigned  ctructure  was  correct 
and  that  indeed  it  could  be  formed  from  formaldehyde  and 
trlnltroethanol.  In  this  proced’ure  a  solvent  was  not  used 
and  success  depended  upon  the  fact  th.at  the  Q:.e}tlng  point  of 
trlnit roe thane 1  was  low  enough  to  be  depressed  by  para¬ 
formaldehyde  and  in  effect  act  as  Its  cwr  solvent  at  reaction 
temperatures  below  Its  melting  point.  Ihc  ferric  chloride 
dissolved  in  this  oily  mixture  and  served  to  catalyze  the 
reaction  as  well  as  the  depolymerization  of  the  paraform¬ 
aldehyde.  In  this  manner,  bls(trlnitroethyl)  formal  was 
obtained  In  20%  ylell  and  was  identical  with  the  product 
Isolated  from  the  pilot  plant  mixture.  Ihle  I'esult  con¬ 
firmed  the  assigned  structure. 

Although  unadaptable  to  large  scale  preparations,  the 
fusion  method  was  investigated  briefly  in  order  to  obtain 
kncwledge  of  the  reaction,  Ihe  original  reaction  condition, 
70*C  for  6  hours  was  too  drastic.  Actually  the  formal  was 
very  easy  to  prepare  and  improvement  was  obtained  by  using 
milder  con^l^lons,  particularly  lower  temperature  and 
shorter  reaction  time.  A  larger  q'^antlty  of  catalyst  than 
initially  used  j.ncreased  the  yields  to  72^5  before  other 
methods  of  preparation  were  investigated. 

Preparr tlon  of  Bls(trlnitrQethyl)  Por^l  In 
SulfuiTc  AcTH'I  In  a  previous  study  or  synthetic  methods  of 
the  preparation  of  esters  of  trlnltroethanol,  IOO56  sulfuric 
acid  and  fuming  sulfuric  acid  had  successfully  been  used  as 
solvents  for  direct  esterification  and  for  transestcrlflca- 
tion,  particularly  In  the  preparation  of  trlnltroethyl 
trlnitrobuty;?ate,  TIIBTB,  fr<xn  trlnltrobutyrlc  acid  or  its 
methyl  ecter  and  trlnltroethanol  (8,9).  Although  ec,\illibrla 
were  oet  up  In  such  systems,  the  formation  of  the  least  basic, 
product  was  favored  and  the  esterification  reaction  pre¬ 
dominated  over  the  opposing  cleavage  reaction: 
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cleavage 

RCOOH  +  R'OH  ^  _ ^  HCOCR' 

eatcrlf » cation 


The  ester  grouping  of  TNETB  was  sc  weakly  basic  that  the 
ester  was  un-ionized  by  sulfuric  acid  and  precipitated  as  it 
was  formed  diiring  the  esterification  reaction.  3y  analogy 
on  the  basis  that  the  trinitromethyi  groups  in  the  formal 
molecule  would  make  the  -OCH2O-  group  verj'  weakly  basic,  it 
was  thoiight  that  in  sulfuric  acid  bls(trlnltroethyl)  formal 
formation  would  predominate  over  the  cleavage  reaction  in  a 
similar  manner,  notwithstanding  the  fact  tliat  strong  acids 
were  supposed  to  cleave  acetals  quantitatively . 

To  determine  if  bis(trlnitroethyl)  formal  would  be 
stable  in  sulfuric  acid,  a  small  amount  of  the  foiTnal  was 
placed  in  lOOJt  sulfuric  acid  at  room  temperature.  Upon 
finding  that  the  formal  was  nearly  insoluble  and  not  easily 
cleaved,  a  successful  exploratory  preparation  experiment  was 
carried  out  in  which  a  two  molar  solution  of  trlnltroethanol 
in  10056  sulfuric  acid  was  heated  at  60 *0  for  two  hours  with 
an  equivalent  amount  of  paraformaldehyde.  Although  the 
yield  was  low  in  this  initial  attempt  the  process  was  studied 
further  because  of  its  theoretical  significance.  In  addition 
its  simplicity  made  plant  pi^)ductlon  of  large  quantities 
feasible. 

Ihe  preparation  of  trlnltroethyi  formal  in  sulfuric 
acid  was  very  easy,  requiring  much  milder  conditions  for  hlg^ 
yields  than  were  used  in  the  original  experiment .  Subse¬ 
quent  investigation  showed  that  one  need  only  add  paraform¬ 
aldehyde  to  a  solution  of  trlnltroethanol  in  c<»iinercial 
concentrated  sulfuric  acid  at  room  temperature ,  Precipita¬ 
tion  of  the  product  beg^an  almost  Immediately  and  the  reaction 
was  complete  in  about  thirty  minutes .  Uie  formal  was 
isolated  nearly  pure  in  good  yields  by  pouring  the  reaction 
mixture  into  ice  and  water,  filtering  and  dirylng,  C^e 
recrystallization  from  alcohol  and  water  siifflced  to  purify 
the  product.  Ihe  following  general  observations  on  the 
reaction  parameters  were  made  during  the  study  of  the 
reaction: 

(a)  Acid  strength  had  a  marked  effect  on  the  amount  of 
product  obtained  in  the  preparations.  Optimum  yields  sere 
obtained  in  9O-9656  sulfuric  acid,  possibly  as  a  result  of 
greater  insolubility  of  the  formal  in  acid  containing  a 
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small  amount  of  water,  (Table  1). 

(b)  Yields  were  optirauni  when  the  concentration  of 
trlnltroethanol  In  the  acid  naa  k  molar.  At  lower  concen¬ 
tration  the  yields  dropped  off  rap-dly.  It  was  necessary  to 
want  the  alcohol-acid  mixture  to  complete  solution  of  the 
crystals  at  the  higher  concentrations  and  cool  to  room 
temperature  before  adding  paraformaldehyde. 

(c)  Hardly  aiiy  exotherm  was  noted  during  the  reaction. 
Some  activity  in  the  acid  occurred  when  the  paraformaldc- 
hyd^^  was  added,  acooi^panled  by  a  little  discoloration  during 
the  reaction  period.  However,  the  precipitated  product  was 
of  very  good  purity, 

(d)  A  period  of  50-6O  "rinutes  wat'  found  to  be  suffj- 
clent  for  virtual  completion  of  the  reaction.  Prolonged 
reaction  periods  and  heating  the  reaction  solutions  were 
Ineffective  in  changing  the  yield  apj^reclatly . 

Strong  evidence  has  been  obtair'^d  that  this  reaction, 
like  transesterlflcatlon,  is  also  an  equilibrium  process  and 
proceeds  toward  the  formal  product  to  a  point  at  which  the 
cleavage  of  the  formal  Is  in  equilibrium  with  its  formation; 


cleavage 

ROH  +  HCHO  y.  ROC  ^  OH 

formation 

Uie  mechaniem  by  which  the  "equilibrium  point"  is  reached 
Is  discussed  In  more  detail  elsewhere  (4), 

Paraformaldehyde,  H0(CH20)jiH,  was  used  almost  exclu¬ 
sively  as  the  source  of  anhydrous  formaldehyde.  As 
obtained  commercially  It  contains  more  than  995^  formaldeiiyde 
with  pex^iaps  a  small  amount  of  adsorbed  water.  Ths  ease  of 
weighing  and  handling  the  polymer  aiid  its  rapid  depolymerl- 
s^ation  in  the  sulfuric  acid  solutions  made  It  ideal  for 
obtaining  exactly  the  amount  cf  anhydrous  forrAldehyde 
desired.  Methylal,  CH5OCH2OCH3,  was  tried  without  particular 
advantage  as  an  alternative  formaldehyde  source  by  Its 
degradation  in  acid  to  methanol  and  formaldehyde . 
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TABLE  I 


Effect  of  Acid  Strength  and  Alcohol 
Concentration  on  Yields  of  TNE  Formal 


Initial 

H2SO4  Acid  Strength 

%  Yield 

80% 

50 

90% 

87 

96%  ^ 

89 

100% 

77 

6%  SO3  in  H2SO4 

70 

10^  SO3  In  H2SO4 

58 

/a  -  Reaction  In  4  molar  TNEOH  solution 
/t  -  Commercial  concentrated  culfurlc  acid 


Initial 

TNEOH  Concentration  in 
965^  H2SO4 


2  Molar 

67 

4  Molar 

89 

5.5 

86 
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Properties  of  £l3( trlnltroethy  1 )  Formal.  Die  ayntliesls 
of  bl3(trlnltroethyl;  formal  In  sulfuric  aclri  conflrmecJ  an 
early  observation  that  the  formal  was  quite  stable  unaer 
acidic  conditions  which  would  liydrolyze  ordinal^'  acetals. 
Several  efforts  were  made  earlier  to  hydrolyze  the  trlni- 
troethyl  formal  under  the  usual  hydrolytic  conditions 
without  effect.  Under  one  extreme  condition  the  formal  was 
held  at  the  reflux  temperature  of  aqueous  methanol  satu¬ 
rated  with  hydrogen  chloride  for  100  hours,  undergoing  only 
a  few  percent  loss  (5).  Ihls  unusual  stability  to  add 
originally  cast  some  doubt  on  the  reasonableness  of  the 
acetal  grouping  in  the  assignment  of  structure.  Ostensibly 
normal  acetals  hydrolyzed  quite  easily  by  acid  catalysis 
accordlxig  to  the  llteratui‘e.  The  trJnltroethyl  formal  Is 
not  an  exception  to  this  assertion  but  is  instead  the  first 
example  of  the  reversal  of  the  often  discussed  equilibrium 
between  an  acetal  and  Its  cleavage  products. 

Under  basic  conditions  degradation  of  the  trlnltroethyl 
formal  did  take  place,  as  have  other  nltroform  derivatives, 
but  apparently  Involved  the  nltro  carbon  groups  rather  than 
the  acetal  grouping.  In  aqueous  alcoholic  sodium  hydroxide 
solution  the  typical  intense  yellow  color  of  nltro  alkane 
anions  arose,  ^pectrophotoraetrlc  measurements  of  the  reac¬ 
tion  solutlo.n  indicated  an  absence  of  any  appreciable 
quantity  of  trlnltroraethyl  anion  which  would  have  been 
present  If  saponification  followed  by  deformylatlon  had 
occurred.  Instead  a  maximum  absorption  was  observed  at 
36b  mp,  suggestive  of  a  dinltroalkane  anion.  The  products 
of  the  degradation  have  been  Identified  for  the  reaction  of 
the  formal  with  base  in  the  presence  of  hydrogen  peroxide  (10). 
In  this  system  the  acetal  grouping  apparently  was  unaffected 
also,  and  the  corresponding  dlnltroethyl  formal  anion  was 
formed  by  reduction  of  the  terminal  trlnltromethyl  groups. 
Bls(potas3lum  dlnltroethyl)  formal  was  isolated  from  the 
reaction  of  the  forsiial  with  alcoholic  potassium  hydroxide  in 
the  presence  of  hydrogen  peroxide . 

Bis ( trlnltroethyl )  formal  has  shown  unusual  stability 
when  subjected  to  the  standard  vacuum  thermal  stability 
test .  The  formal  has  not  shown  the  Instability  sometimes 
exhibited  by  an  explosive  when  heated  above  Its  melting 
point.  At  100* C,  35*  abcve  Its  meltlr;g  point,  the 
formal  evolved  only  cc  of  gas  per  gram  over  a  period 

of  seven  days,  and  only  1.6  cc  of  gas  per  gran  at  90®C  in 
six  days.  This  \musual  stability  in  the  non-crystalline 
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state  probably  accounts  for  the  good  thermal  stability  of 
the  compositions  In  which  It  Is  dissolved.  For  Instwc^ 
composition  containing  22,5^  TEPO,  49 .8^  TNEOC  and  23.7^ 
guncotton,  evolved  0.7^  cc  of  gas  per  gram  at  100  C  in 
forty-eight  hours  (2). 


The  physical  properties  of  trlnltroethyl  formal  have 
been  summarized  In  Ikhle  II. 


TABLE  II 

Properties  of  Bis (trlnltroethyl)  Formal 


Melting  Point  65.3  -  65.4*C 

Vacuum  Stability  1.60  cc/g/6  days  at  90®C 

L-npact  Sensitivity  l8  cm  (number  is  depend^t  upon 

(50^  height,  2,5  kg  weight,  particle  size;  RDX-50  cm 

bare  tools)  with  bare  tools) 

269  cm  (as  305t  TEPO-  ilcohoi 
solution) 

2iQ  cm  (damp  with  water) 


Crystal  Density 
Heat  of  Formation 
Solubility 


1.72 

-103  kcal/nole  (RI3K-414  kcal/mole) 
Soluble:  hexane,  pentane 
Very  soluble;  chloroform,  methanol 
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^oceae  Development.  Tl*lnltroethanoi  prepare(S  by 
sijnultajieous  acidification  and  formylation  of  acdim  nltro- 
fona  In  methanol-water  solution.  The  crude  alcohol 
separated  as  an  oil  which  was  a  nixtura  of  the  alcohol  mono¬ 
hydrate  with  some  methanol,  water  and  other  iRpur^ties  (11). 
Normally  the  trinitroethanol  oil  had  to  be  dried  before  it 
could  be  used  for  succeeding  syntheses.  Therefore  in  order 
to  eliminate  the  drying  step,  several  efforts  were  made  with 
only  partial  success  to  utiliise  the  oil  directly  by  the 
addition  of  tne  crude  oil  to  a  strong  fuming  sulfuric  acid 
solution  of  paraformaldehyde. 

As  an  alternative,  a  two  phase  system  was  investigated 
consisting  of  an  alcohol- solvent  phase  and  a  sulfuric  acid- 
p)araroimaldehydc  phase.  Such  a  system  was  designed  to  serve 
three  purposes:  (1)  it  provided  a  means  of  overcoming  the 
equilibrium  by  continual  extraction  of  the  product  from  the 
sulfuric  acid  reaction  mediian  by  the  organic  solvent; 

(2)  the  alcohol  coxild  be  completely  or  partially  dried  in  the 
solvent  arid  used  without  isolation;  (3)  the  system  was  adapt¬ 
able  to  continYK>ua  processirg  of  the  reaction  components  and 
products.  In  an  initial  experiment  the  crude  trinitro¬ 
ethanol  oil  dissolved  in  a  chlorinated  organic  solvent  was 
slurried  with  a  solution  of  ptiraformaldehyde  in  fuming 
acid  which  nmctloned  both  as  a  drying  agent  and  reaction 
medium.  The  product  was  isolated  from  the  organic  phase  with 
the  svafsric  acid  retaining  very  little  of  the  formal.  The 
yields  were  still  unsatisfactory  possibly  because  of  residual 
water  and  methanol  not  separated  from  the  chlorin^ited  solvents. 
However,  trinitroethanol  monohydrate  prepared  by  adding  water 
to  dry  trinitroethanol  worked  well  in  a  two  phase  system  in 
which  the  monohydrmte  in  methylene  chloride  was  slurried 
vigorously  with  55^  fuming  sulfuric  ccld  for  15  minutes.  The 
recrystallized  yield  was  J6%  c<«ipared  with  QO%  yield  from  a 
similar  system  in  which  dry  trinitroethanol  in  methylene 
chloride  was  slurrisd  with  100?t  sulfuric  acid.  These  yields 
were  about  9^  below  the  maximum  obtainable  and  may  be 
improved  with  further  experimentation. 

In  principle  these  experiments  estaollshed  that  the  two 
phase  system  can  be  used  but  it  may  be  nacessary  to  dry  the 
crude  trinitroethanol  oil  in  solution  ^mtil  at  least  the 
monohydrate  stage  of  the  alcohol  io  reached.  The  formal 
synthesis  lends  itself  to  adaptation  as  a  continuous  process. 
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For  lnflta.'ice,  cootlnuoue  addition  of  a  methylene  chloride 
solution  of  trlnltroethanol  raonohydrate  and  sulfuric  acid 
solution  of  paraformaldehyde  into  reactor  with  continuous 
take  off  to  a  separator  is  feasible.  Fortification  and  re¬ 
cycling  of  the  acid  and  recycling  of  the  methylene  chloride 
mother  liquors  with  additional  trlnltroethanol  should  permit 
efficient  use  of  these  components.  In  fact  the  entire 
synthesis  from  tetranltromethane  Is  reasonably  simple.  The 
following  reaction  sequence  incorpor*ate8  the  current  experi¬ 
mental  results; 


NaN02  H  ^ 

C(N02)4 - ^  NaC(N02)3  - ^ 


(1) CH2Cl2 
Extraction 

(2)  Dry 


HCHO  -  H2SO4 


Recycle  ^ 


r 

N 


TNBOH  in  CH2CI2 

•f 

HCHO  In  H2SO4 


CH2CI2  ^  TEFO  -  TNEOH 
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EXPERIMENTAL 

Typical  experlmento  conducted  during  the  study  of  the 
synthesis  of  bis (trlnltroethyl }  forroal  follow; 

(A)  Sulfuric  Acid  Method.  A  solution  of  3.62  g  (0.02  mole) 
trinltroethanol  in  5  nil  of  concentrated  (96^)  sulfuric  acid 
was  prepared  by  warming  and  stirring  In  a  small  (25  ml) 
erlenmeyer  flask.  After  cooling  to  room  temperature  0.,30  g 
(0.01  mole)  of  formaldehyde  as  paraformaldehyde  was  added 
with  stirring.  As  the  paraformaldehyde  dissolved  In  the  re¬ 
action  mixture  the  temperature  of  the  mixture  rose  to  35 “C 
and  a  colorless  oil  formed  on  top  of  the  solution.  Within 
a  few  minutes  this  oil  began  to  crystallize  in  glistening 
leaflets.  'Ihe  mixture  was  stirred  for  30  minutes  anu  then 
poured  onto  flaked  ice.  Ihe  precipitated  white  crystalline 
product  was  filtered  off,  washed  well  with  water  arid  dried. 

The  yield  was  3.56  g  or  90^  of  the  theoretical  yield  and  had 
a  melting  point  of  d2-63*C.  Recrystalllzatlon  from  505f> 
methanol- water  gave  a  pure  white  crystalline  product  melting 
at  64-65'’C. 

Ihe  results  of  the  study  of  the  reaction  parameters 
of  this  method  are  summarized  In  Table  III, 

(B)  Two  Phase  System.  A  solution  of  O.30  g  (0.01  mole) 
formaldehyde  as  parafonnaldehyde  In  5  nil  of  lOOJfc  sulfuric 
acid  was  prepiared  In  a  50  ml#  3-neck,  round  bottom  flask 
fitted  with  a  mechanical  stirrer.  To  this  solution  was  added 
a  solution  of  3.62  g  (0,02  mole)  of  trinltroethanol  In  10  ml 
of  methylene  chloride  and  the  resulting  mixture  was  stirred 
very  rapidly  for  15  minutes.  At  the  end  of  that  tL-ne  the 
methylene  chloride  layer  was  separated  from  the  sulfuric  acid 
layer  by  means  of  a  separatory  funnel.  The  sulfuric  acid 
layer  was  washed  once  with  5  nil  of  methylene  chloride  and 
this  was  added  to  the  methylene  chloride  layer.  'Ihe  methylene 
chloride  was  then  removed  by  evaporation  under  reduced  pres¬ 
sure  and  the  residue  was  washed  with  water,  filtered  and  dried. 
The  yield  of  crude  product  was  3.1^  g  or  of  theory.  Ihe 
melting  point  of  the  crude  material  was  60-6i.5“C.  Recrys¬ 
talllzatlon  from  methanol-water  gave  a  pure  product  which 
melted  at  64-65"C;  total  yield,  oOJt.  No  additional  product 
was  obtainod  by  pouring  the  svj-furlc  acid  layer  into  ice  and 
water. 

Additional  experiments  which  were  run  utilizing  '"trlnl- 
troethanoiJ  oil"  and  trlnltroethyl  monohydrate  are  summarized 
in  Table  IV. 
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TABLE  III 
Preparation  of 

Bls( trlnltroethyl)  Formal  In  Sulfuric  Acid 
Reaction:  2TNE0H  ♦  HCHO  - >TNE0CH20TNE 


Alcohol  H2SO4 

Alcohol/HCHO  Cone.,  Acid  Reaction  Tempera-  Yield 

Moles  Molar  Strength  Period  ture  Mole  % 


.0?  /.Ol 

4 

80^^ 

1. 

0  hr. 

at 

room 

50 

.02  /.Ol 

4 

90!t 

1.0  hr. 

at 

room 

91 

.02  /.Ol 

4 

96;e 

15 

rain. 

at 

room 

87 

.02  /.Ol 

4 

96^ 

2 

hra . 

at 

45^C 

83 

.02  /.Ol 

2 

96)8 

50 

min. 

at 

room 

67 

.02  /.Ol 

5.5 

96)8 

50 

min. 

at 

room 

86 

.022/. 01 
(lOjg  XCS  TNEOH) 

4.4 

96)6 

50 

min. 

at 

room 

93 

.2  /.I 

4 

96)6 

2 

hrs. 

at 

room 

88 

.2  /.I 

4 

96^ 

16 

hrs. 

at 

room 

90 

.02  /.Ol 

4 

1005^ 

50 

rain. 

at 

room 

77 

.04  /.Ol 

(1005^  XC8  TNEOH) 

4 

1005^ 

50 

min. 

at 

room 

98 

.02  /.02 

4 

lOOjt 

30 

min. 

at 

rovom 

81 

ilOO^  XC8  HCHO) 
(4005^  XC8  HCHO) 

4 

1005^ 

30 

min. 

at 

room 

77 

.02  /.Ol 

4 

fuming 

30 

min. 

at 

room 

70 

.O54/.OI 
( r0%  XC3  TNEOH) 

6.8 

55^  fuming 

30 

min. 

at 

room 

95 

.02  /.Ol 

4 

10^  fuming 

30 

min. 

at 

room 

58 
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(C)  Fualon  Method.  A  mljcture  of  ^.6  g  (0.02  mcle)  trlnltro- 
ethanol,  0.30  g  (O.Oi  mole)  fonraldehyde  as  paraformaldehyde 
and  1.62  g  (0.01  mole)  anhyviroas  ferric  chloride  was  i^laced 
in  a  large  test  tube  and  heated  in  a  water  bath  at  60  C  for 
one  hour  with  magnetic  stln'lng.  Ihe  reaction  i^ture  was 
then  poured  on  flaked  ice,  a  small  amo’jnt  (5  nil)  of  6  N  HCl 
added,  and  the  resulting  mixture  acirred  until  the  ferric 
chloride  dissolved  and  the  solid  product  was  greyish  white. 

Ttie  product  was  filtered  off,  washed  well  with,  water  and  dried. 
Ihe  yield  was  2.7  g  or  72;^  of  theoretical.  Ihe  product  was 
recrystallized  from  methanol  and  water  to  give  a  beautiful 
white  product,  m.p.  64.6-65**^. 


ACKNOWLEDGMENT 

Ihe  authors  gratefully  acknowledge  their  Indebtedness 
to  many  members  of  the  Organic  Chemistry  :01vl8lon  for  their 
assistance : 

To  J.  R.  Holden  for  the  molecular  weight  detennlnatlon 
by  the  unit  cell  volume  method;  to  D.  J.  Glover  for  Irrfor- 
matlon  on  base  degradation  of  trinltroraethyl  compounds; 
to  H.  T.  Simmons  for  crystal  density  determination;  to 
A.  H,  Rosen  for  the  vacuum  thermal  stability  tests.  Impact 
sensitivities  were  measured  by  the  Chemical  Ehglneerlng 
Division  of  the  Chemistiry  Research  Department. 


14 

CONFIDENTIAL 


CONFIDENTIAL 
NAVORD  Report  6672 


References 


1.  W.  G.  Finnegan,  L.  A.  Pnrkhart,  R.  A.  Henry,  and  W.  S. 
McE»ran,  "Preparation  and  Evaluation  of  Poly  (1-  aim  2- 
?fethyl-5-Vlnyltetra2ole8) ",  B’llletin  of  the  Fourth 
Meeting,  JANAF  Solid  Propellant  Group,  Vol.  II.  p.  159; 
Redatone  Arsenal,  Huntsville,  Alabama,  May  196o. 


2.  0.  H.  Johnson,  NAVORD  Report  (NCL)  6677,  in  process, 

"Higli  Explosive  and  Propellant  Compositions  Based  Upon 
a  New  Clasp  of  Soluble  Oxidants,  I.  Organic  Oxidaiits 
Prelimlnai'y  Report",  10  July  1959 • 


5. 


M,  E.  Hill,  NAVORD  Report  (NOL)  5915,  ''A  New  Reaction 
of  Nitroalcohols  with  Halogen  Compounds,  I.  Orthoestere  , 
13  AugvLst  1955.  i$t 


(b)  M,  E.  Hill  and  K.  0.  Shipp,  NAVORD  Report  (NOL),  in 
Dreparatlon,  "A  New  Reaction  of  Hitroalcohols  with  Halogen 
Com^unds,  II.  Synthesis  of  Nltroalcohol  Chlorocarbor^ates 
3ind  Bis  Carbonates",  1959. 


4.  M.  E.  Hill  and  K.  0.  Shipp,  NAVORD  Report  (NOL),  in  pre¬ 
paration,  "Nltroalcohol  Acetal  Preparation  In  S^furlc 
Acid.  II.  Study  of  the  Reaction  Mechanism  and  Factors 
Affecting  the  (Sulfurlr-  Acid- Acetal)  System  ,  1959. 


5.  U.  S.  Rubber  Company,  Naxigatuck  Chemical 

Naugatuck,  Connecticut;  Progr-ess  ^port,  December  195^+- 
January  1955,  Contract  NOx’d  10,9^*  » 

6.  J.  R.  Holden,  U.  S.  Haval  Ordnance  laboratory,  unpublished 
information. 

7.  The  preceding  paragraphs  were  abstracted  from  Ref.  5a  for 
completeness  of  this  report, 

8.  U.  S.  Rubber  Company,  General  Laboratories j  Passaic, 

New  Jersey;  Quarterly  Progress  Report  No.  25,  1  August 
1955,  Contract  NOrd  10,129. 


15 

CON  lEENTIAL 


CONFIDENTIAL 
NAVORD  Report  6672 


References 
■ (cont 'd) 


h.  E.  Hill,  NAVORD  Report  (NOL)  565S  "^-esterlflca 
tlon  by  TVinitroethanol  ,  1  November  1955. 

D  J  Qlover,  NAVORD  Report  (HOL)  4305, 

r.s«  , 

ethanol",  1959. 


16 

CONFIDENTIAL 


